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I n t r o d u c t i o n  /' 

Prolonged i n a c t i v i t y  o r  b e d r e s t  l eads  t o  a "deconditioned" s t a t e  

c h a r a c t e r i z e d  by a l o s s  of muscle mass and s t r e n g t h  and a l s o  by a 

change i n  t h e  c i r c u l a t o r y  response t o  a change from t h e  supine  t o  

t h e  e r e c t  p o s i t i o n .  Whether t h e  change i n  muscle mass and t ens ion  

c a p a b i l i t y  c o n t r i b u t e s  t o  t h e  o r t h o s t a t i c  hypotension i s  no t  demonstra- 

t e d .  A s tudy  of t h e  venous f i l l e d  during tilt  t o  70' and wi th  t h e  

a p p l i c a t i o n  of nega t ive  p re s su re  i n d i c a t e d  a decrease  i n  venous 

compliance and an a l t e r a t i o n  of t h e  i n i t i a l  time course o f  venous 

f i l l i n g  fol lowing b e d r e s t  ( 1 ) .  Muscle circumference decreased im- 

mediately fol lowing bed r e s t  bu t  r e tu rned  t o  pre-bed r e s t  va lues  

w i t h i n  1 2  hours .  

Tra in ing  (condi t ion ing)  has  been shown t o  i nc rease  t h e  number of 

c a p i l l a r i e s  of muscle i n  animals (2 ) .  In  human s u b j e c t s ,  t r a i n i n g  f o r  

endurance r e s u l t e d  i n  an improvement i n  c i r c u l a t i o n  a s  evidenced by 

the reduced blood flow debt  fol lowing e x e r c i s e .  The i n i t i a l  blood 

flow a f t e r  cond i t ion ing  was h ighe r ,  sugges t ing  an inc reased  blood 

flow dur ing  e x e r c i s e .  The blood flow response was r e l a t e d  t o  endur- 

ance r a t h e r  t han  s t r e n g t h  ( 3 ) .  Bauer e t  a l .  (4)  demonstrated rhythmic 

'This s tudy  supported i n  p a r t  by NASA Research Grant No. NGR 05-004-026 
from t h e  Nat iona l  Aeronaut ics  and Space Administrati 'on, Washington, 
D.  C .  
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exe rc i se  t o  b e  more e f f e c t i v e  than sus t a ined  exe rc i se s  f o r  eva lua t ion  

of t he  f u n c t i o n a l  s t a t u s  o f  t h e  vascu la r  bed. Elsner  and Carlson (5 )  

found t h e  p o s t - e x e r c i s e  hyperemia i n  the  c a l f  muscle of t r a i n e d  

s u b j e c t s  t o  be l e s s  than t h a t  o f  un t ra ined  s u b j e c t s ,  al though t h e  

O2 uptake and oxygen debt  o f  t h e  exerc ised  remained unchanged. 

This study was i n i t i a t e d  to determine i f  i some t r i c  o r  i s o t o n i c  
/ 

t r a i n i n g  inf luenced blood flow and o t h e r  performance c h a r a c t e r i s t i c s  

of t h e  c i r c u l a t o r y  system such as  venous compliance. 

A change i n  cond i t ion  of t h e  muscle was brought about by t h r e e  

weeks of  i some t r i c  o r  i s o t o n i c  exe rc i se  fol lowing i somet r i c  t r a i n i n g  

schedules drawn f rom the  work of Muller ( 6 ) .  The i s o t o n i c  t r a i n i n g  

was ad jus ted  t o  comparable l e v e l s .  The muscle s t r e n g t h  before  and 

a f t e r  condi t ion ing  was cha rac t e r i zed  by determining the  circumference,  

t h e  maximum tens ion ,  t h e  maximum tens ion  endurance (maximum t e n s i o n  x 

time) and t h e  f o r c e  v e l o c i t y .  The e f f e c t  of muscle condi t ion ing  on 

t h e  muscle c i r c u l a t i o n  was cha rac t e r i zed  by measurements of  t h e  r e s t i n g  

blood f l o w  and blood flow following a r t e r i a l  occ lus ion  and a f t e r  

i some t r i c  and i s o t o n i c  e x e r c i s e .  

Methods 

Conditioning 

Nine hea l thy  male s u b j e c t s  ranging i n  ages f rom 1 8 - 2 1  yea r s ,  

whose d a i l y  a c t i v i t y  d i d  not  involve heavy phys ica l  e x e r t i o n  were 

s e l e c t e d .  The s u b j e c t s  were divided i n t o  two comparable groups,  one 

fol lowing an i somet r i c  exe rc i se  program, the  o t h e r ,  an i s o t o n i c  

program. A l l  t h e  s u b j e c t s  p a r t i c i p a t e d  i n  d a i l y  (7 days a week) 

condi t ion ing  o f  t h e  forearm and calf muscles f o r  thGee weeks. 

i s o t o n i c  exe rc i se  program involved 4 d a i l y  bouts  o f  15-rhythmic 

The 
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c o n t r a c t i o n s ,  each a t  t h e  r a t e  of once every two seconds wi th  t h e  

load  of  80% of t h e  maximum isometr ic  maximum t e n s i o n  (T-Max) determined 

a t  t h e  beginning o f  t h e  s tudy .  The i s o m e t r i c  e x e r c i s e  program involved 

4 d a i l y  15-second pe r iods  of s u s t a i n e d  c o n t r a c t i o n  wi th  a load ad jus t ed  

t o  80% of T-Max. 

Forearm i s o m e t r i c  condi t ion ing  was achieved by hand g r i p  con- 
-/ 

t r a c t i o n s  us ing  an apparatus  designed f o r  t h e  purpose.  The apparatus  

c o n s i s t s  of a f i x e d  b a r  t o  suppor t  t he  hand and an a d j u s t a b l e  b a r  

f o r  t h e  f i n g e r s ;  t h e  amount of weight t i t tached and t h e  i n i t i a l  

p o s i t i o n  of  t h e  f i n g e r  b a r  a r e  a d j u s t a b l e .  

For  calf  muscle cond i t ion ing  t h e  s u b j e c t  s tood  wi th  a b a r b e l l  

i n  h i s  hands wi th  t h e  arms extended downward. The s u b j e c t  s tood  on 

h i s  r i g h t  f o o t  and r a i s e d  on h i s  t o e ,  us ing  the  l e f t  t o e  f o r  ba lance .  

The weight of t h e  b a r b e l l  was 80% of T-Max minus t h e  body weight.  

Measurements 

The measurements were c a r r i e d  ou t  i n  a sound-proof room where 

temperature  was maintained a t  24 -  2 5 ° C .  The fol lowing measurements 

were made be fo re  and a f t e r  t h e  cond i t ion ing  pe r iod  on t h e  forearm 

and t h e  c a l f  muscles: (1) blood flow, ( 2 )  venous compliance, (3)  i s o -  

metric maximum t e n s i o n  (T-Max.) , (4) i s o m e t r i c  maximum t e n s i o n  endur- 

ance (T-time), (5) i s o t o n i c  f o r c e  v e l o c i t y  r e l a t i o n s h i p  and (6) maximum 

circumference.  For  each s u b j e c t ,  t h e  measurements were made a t  approxi-  

mately t h e  same t i m e  o f  day. 

2The f ac i l i t i e s  of Phys ica l  Performance Laboratory of t h e  Department 
of  Phys ica l  Education were fu rn i shed  f o r  t h i s  s tudy .  The au thors  are  
indebted t o  D r .  Kovacic and Dr. Bernauer f o r  t h e i r  suppor t .  
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The s u b j e c t s  l a y  on t h e  bed 30 minutes p r i o r  t o  t h e  measurement o f  

blood f l o w  o r  venous compliance and remained i n  a recumbent p o s i t i o n  

throughout t h e  t e s t s .  The forearm and t h e  c a l f  segments were he ld  a t  

h e a r t  l e v e l  wi th  t h e  he lp  o f  pads; t h e  arm was supported a t  t h e  w r i s t  

and elbow, t h e  l e g  was supported wi th  a pad under the  h e e l .  No pad 

was used under t h e  knee t o  avoid congestion which a f f e c t s  venous 

compliance. 

Blood f l o w  and venous compliance i n  t h e  forearm and t h e  c a l f  were 

determined i n  s e p a r a t e  s e r i e s  before  and a f t e r  (1) a r t e r i a l  occ lus ion ,  

(2)  i some t r i c  c o n t r a c t i o n  and ( 3 )  i s o t o n i c  con t r ac t ions .  The occ lus ion  

and i somet r i c  c o n t r a c t i o n  l a s t e d  5 minutes.  Calf i s o t o n i c  con t r ac t ions  

a l s o  l a s t e d  f i v e  minutes,  b u t  t h e  hand i s o t o n i c  con t r ac t ions  were 

less than 5 minutes i n  most  cases  due t o  exhaustion. The loads 

used were 2 0 %  of T-Max. f o r  hand g r i p  and 1 0 %  of T-Max., f o r  ankle  

p l a n t a r  f l e x i o n .  I s o t o n i c  con t r ac t ions  were made a t  t h e  r a t e  o f  

once a second wi th  3 c m  and 6 c m  displacement f o r  t he  hand g r i p  

and ankle  p l a n t a r  f l e x i o n  r e s p e c t i v e l y .  The condi t ions  of load and 

du ra t ion  i n  t h e  pre-condi t ion ing  experiments were repeated i n  t h e  

f i n a l  measurements. 

The s u b j e c t  performed t h e  t e s t  exe rc i se s  i n  a recumbent p o s i t i o n  
.- 

using a hand o r  f o o t  ergometer.  Body movement a s soc ia t ed  with ankle  

p l a n t a r  f l e x i o n  was minimized by pads placed t i g h t l y  over t h e  shoulders  

and a t t ached  t o  t h e  bed. 

Maximum circumference of t h e  c a l f  o r  forearm was measured wi th  a 

s t e e l  tape-measure j u s t  p r i o r  t o  the  r e s t i n g  blood f l o w  measurement. 

The measurements of blood f l o w  were made by a m e r c u r y - s i l a s t i c  s t r a i n  

gauge plethysmography ( 5 ) .  The 'double s t randed  gauge was placed a t  
/ 

an i n i t i a l  t ens ion  of 20  g around t h e  maximum circumference o f . t h e  
_ -  
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limb. A 6- inch pneumatic cuf f  was placed j u s t  above t h e  elbow and 

a 8-inch cuff  j u s t  above the  knee f o r  venous occ lus ion .  The cuf f  was 

i n f l a t e d  t o  50 mm Hg. Two-inch c u f f s  were p laced  around t h e  w r i s t  

and the  ankle and i n f l a t e d  t o  200 mm Hg f o r  a r t e r i a l  occ lus ion .  The 

c u f f  p ressure  was appl ied  and maintained by means o f  a i r  p re s su re  

r e s e r v o i r  v i a  so lenoid  valve.  The mercury s t r a i n  gauge was c a l i b r a t e d  

i n  0 . 2 5  mi l l imeter  s t e p s  o f  l i n e a r  s t r e t c h .  
, 

For t he  venous compliance measurement t h e  venous c o l l e c t i o n  cuf f  

was i n f l a t e d  from 0 t o  30 mm Hg i n  s t e p s  o f  1 0  mm Hg, each l e v e l  

l a s t i n g  1 5  seconds.  The p res su re  l e v e l s  were recorded on t h e  o s c i l -  

lograph through a p re s su re  t ransducer .  

To t e s t  maximum tens ion  endurance (T-time) t h e  ergometer system 

was combined with a Daytronic l o a d - c e l l  a t t ached  t o  t h e  bottom o f  

t he  bed. 

as  long as poss ib l e .  Contract ion was terminated when the  s u b j e c t  

The s u b j e c t  was t o l d  t o  e x e r t  maximum tens ion  and hold i t  

ind ica t ed  t h a t  he could no longer  maintain t ens ion  o r  when measurements 

i nd ica t ed  a t ens ion  decrease.  Endurance t ime was determined by the  

time t h a t  t ens ion  remained over 8 0 %  of maximum tens ion .  This t e s t  

w a s  repeated twice wi th  2 minutes o f  r e s t  i n t e r v a l .  T-Max. was con- 

firmed by ergometer measurements. 

For  i s o t o n i c  f o r c e - v e l o c i t y  determinat ions , an i n e r t i a  wheel ( 7 ,  

8) was cons t ruc ted ,  which provided t h e  load.  The moment of i n e r t i a  of 

t h e  wheel was 136x10 gcm . The wheel had seven d i f f e r e n t  s i z e  pu l l eys  

i n  a sp ind le  arrangement r ep resen t ing  varying loads .  

f o u r  were s e l e c t e d  f o r  t h i s  s tudy:  2 1 2 . 5 ,  6 0 . 4 ,  15.1 and 3.8 kg 

r e spec t ive ly .  

from t h e  pu l l ey  t o  t h e  hand g r i p - o r  f o o t  p la t form.  

3 2 

O f  t hese  loads ,  

A f l e x i b l e  s t e e l  wi re  o f  1 mm diameter  was a t t ached  



- 6 -  

The fo rce  curves were recorded by a r i n g  type s t r a i n  gauge and 

displacements by a l i n e a r  potent iometer .  The v e l o c i t y  was c a l c u l a t e d  

from the  displacement curve. The fo rce  v e l o c i t y  was recorded a t  a 

paper speed of 38.5 cm/sec. 

Resul t s  

I s o t o n i c  and i somet r i c  exe rc i se  increased t h e  circumference of  

t he  forearm o r  c a l f  and the  maximum tens ion  t h a t  could be exer ted .  

The tension-t ime was increased  i n  each case bu t  s i g n i f i c a n t l y  i n  the  

forearm wi th  i s o t o n i c  exe rc i se .  Force-time was s i g n i f i c a n t l y  

increased  i n  the  case o f  a l a r g e  load (Tables 1, 2 ,  3 ,  4 ,  and 5 ) .  

Blood flow t o  t h e  arm and c a l f  was measured fol lowing f i v e  

minutes of a r t e r i a l  occ lus ion ,  i somet r ic  exe rc i se  and i s o t o n i c  

e x e r c i s e .  Peak blood flow, excess blood flow ( c i r c u l a t o r y  debt)  

and t h e  time t o  recovery t o  h a l f  peak f l o w  minus r e s t i n g  f l o w  a r e  

ind ices  of t he  change i n  c i s c u l a t o r y  func t ion .  Venous compliance 

was measured with t h r e e  s t e p s  of occluding pressures  and recorded as  

ml per  10 mm Hg i n  each range. 

The average values  f o r  forearm blood flow s i g n i f i c a n t l y  changed 

fol lowing t h e  i s o t o n i c  exe rc i se  f o r  both types of condi t ion ing .  Both 

the  peak f l o w  and excess blood f l o w  were s i g n i f i c a n t l y  l e s s .  The 

blood f l o w  a f t e r  a r t e r i a l  occ lus ion  o r  i somet r ic  exe rc i se  was no t  

changed (Figures 1 and 2 ) .  The values f o r  t he  peak blood f l o w  

fol lowing t h e  provocat ive t e s t s  and the  c i r c u l a t o r y  debt  a s  i n d i c a t e d  

by the  excess blood f low incur red  during the  t e s t s  a r e  given i n  

Table 6.  

C a l f  blood f l o w s  were no t  s i g n i f i c a n t l y  changed fol lowing 

condi t ion ing  except f o r  t he  peak f l o w  fol lowing a r t e r i a l  occlusion 

(Figures 3 and 4 ) .  The values  a r e  given i n  Table 6 .  
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The compliance of  t h e  ve ins  of t h e  arm w a s  s i g n i f i c a n t l y  

d i f f e r e n t  from the  ve ins  i n  t h e  c a l f ,  bo th  a t  r e s t  and fo l lowing  

t h e  a r t e r i a l  occ lus ion  and e x e r c i s e .  Venous compliance i n  e i t h e r  

limb w a s  n o t  s i g n i f i c a n t l y  a l t e r e d  by t h e  cond i t ion ing  e x e r c i s e s  

(Table 7 ) .  The n a t u r e  and d i r e c t i o n  of a l l  of t h e s e  measurements 

are summarized i n  Tables 8 and 9 .  

, 

Discussion 

The t r a i n i n g  w a s  s u f f i c i e n t  t o  inc rease  muscle mass and s t r e n g t h .  

Vanderhoof, e t  a l .  ( 3 ) ,  found t h a t  r e s t i n g  blood flow va lues  

were no t  changed by t r a i n i n g  b u t  t h a t  t h e  average blood flow dur ing  

the  f i r s t  minute was h ighe r  fol lowing a f a t i g u e  t e s t .  Peak blood 

flows fol lowing a r t e r i a l  occ lus ion  o r  e x e r c i s e  were no t  s i g n i f i c a n t l y  

changed i n  t h i s  s tudy .  However, t h i s  s tudy  confirmed t h e  f i n d i n g  

of Vanderhoof, e t  a l .  ( 3 ) ,  who found t h a t  t he  c i r c u l a t o r y  debt  

r e s u l t i n g  from occ lus ion  o r  e x e r c i s e  of  e i t h e r  type d i d  diminish.  

Venous compliance decreased i n  t h e  forearm a f t e r  i s o t o n i c  e x e r c i s e  and 

i n  t h e  calf  a f t e r  i s o m e t r i c  e x e r c i s e .  

The de termina t ion  of  blood flow and of venous compliance a r e  

n e c e s s a r i l y  made fol lowing the  a r t e r i a l  occ lus ion  and e x e r c i s e  and 

may be a f f e c t e d  by a number of  cond i t ions ,  such as t h e  n a t u r e  of 

t h e  c i r c u l a t o r y  beds per fused ,  t h e  temperature of t h e  muscle and 

t h e  change i n  volume i n  t h e  capac i tance  v e s s e l s .  The i n i t i a l  flow 

i n  r e a c t i v e  hyperemia i s  through c a p i l l a r y  beds whi le  t h e  l a t e r  

flow is  through A-V anastomoses ( 9 ) .  A change i n  t h e  c a p i l l a r i t y  

brought  about by cond i t ion ing  might a l t e r  t h e  peak blood flow and 

t h e  r e l a t i v e  c a p i l l a r y  and a.v. a, f lows. React ive hyperemia is  

temperature  dependent ( 1 0 ,  11) .  However, no d e f i n i t i v e  cond i t ion ing  
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e f f e c t  was found i n  t h i s  s tudy  on the  blood f l o w  fol lowing a r t e r i a l  

occ lus ion ,  and e f f o r t s  were made t o  maintain temperature condi t ions  

equal .  

The excess blood f l o w  i n  pos t - exe rc i se  hyperemia bears  a c l o s e  

r e l a t i o n s h i p  t o  t h e  metabolism of  t h e  a c t i v e  muscles (10) presumably 

then being through c a p i l l a r i e s .  I n  these  s t u d i e s ,  t h e r e  was a more 

pronounced e f f e c t  o f  i some t r i c  condi t ioning than  i s o t o n i c  on the  excess 

blood flow. The excess blood flow measurement by venous occlusion 

plethysmography may be inf luenced by changes i n  venous p re s su re  and 

l imb  volume fol lowing exe rc i se .  These changes were descr ibed by 

Bevegard and Shepherd (12) who showed t h a t  t h e  forearm venous p re s su re  

and forearm volume increased  during t h e  p o s t - e x e r c i s e  per iod  of 

increased  b l o o d  f l o w .  S imi l a r  r e s u l t s  occurred during t h i s  s tudy  

(Figure 5 ) .  There was no s i g n i f i c a n t  d i f f e r e n c e  a f t e r  condi t ion ing  

i n  the  forearm volume measured immediately a f t e r  a r t e r i a l  occlusion 

o r  exe rc i se .  The measurements o f  compliance seem unaf fec ted  by t h e  

limb volume change. The increased volume, then,  does not  seem t o  

r e f l e c t  s o l e l y  an inc rease  i n  venous pressure .  

Dynamic o r  i s o t o n i c  exe rc i se  gave r i s e  t o  t h e  g r e a t e s t  r e l a t i v e  

decrease i n  blood flow following the  exe rc i se  t e s t .  The i somet r i c  

o r  s t a t i c  exe rc i se  provides the  same condi t ions  f o r  venous congestion 

as  a r t e r i a l  occlusion.  

The e f f e c t s  o f  varying degrees of  f i l l i n g  on t h e  f l o w  d e t e r -  

minations must be determined before  f u r t h e r  deductions can be made. 

However, t h e  use of i n i t i a l  f i l l i n g  phase as an index o f  f l o w  should 

miminize t h e  a r t i f a c t  introduced by venous compliance change, whether 

a c t i v e  o r  pass ive .  
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The d i f f e r e n c e  i n  compliance between arm and l e g  ve ins  i s  

c o n s i s t e n t  w i th  the  r e p o r t  o f  Kfigelgen (13) (1955) who showed t h a t  

t h e  percentage of t r ansve r se  ( c i r c u l a r )  muscle w a s  g r e a t e r  i n  l e g  

ve ins  than i n  arm ve ins .  
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Table 1. Maximum Circumference of the Limbs 

Forearm (mm) Lower Leg (mm) 

Before After Diff. Before After Diff. 

Isotonic M 256 260 4.0** 341 344 3.0* 

Group SD 25.6 32.0 39.9 38.5; 

Isometric M 262 267 5.0" 377 378 1.0 

Group SD 13.0 14.2 22.0 22.9 

* Significant at level P<O.O5 

** Significant at level W0.01 
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Table 4. Isometric Maximum Tension (Mean 

Hand Grip (kg) 

of 3 determinations) 

Ankle Plantar Flexion (kg) 

Before After Diff. Before After Diff. 

Isotonic M 49.8 53.5 3.7** 119.7 130.5 10.8" 

Group SD 6.6 5.8 13.8 18.2 

Isometric M 44.7 49.3 4.6* 119.3 141 5 22.2*  

I 

Group SD 5.5 7.8 21.0 21.8 

* Significant at level P<0.05 

** Significant at level P<O.O1 
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Table 5. Isometric Maximum Tension (Maximum of 3 determinations) 

Hand Grip fkg) Ankle Plantar Flexion (kg) 

Before After Diff. Before After Diff. 

Isotonic M 51.4 56.4 5.0** 122.4 136.2 13.8" 

Group SD 6.3 6.1 1 7 . 2  16.7 

Isometric M 46.4 54.8 8.4 124.5 147.5 2 3 . 0 "  

Group SD 5.6 10.9 25.0 27.9 

* Significant at level P<O.O5 

** Significant at level P<O.Ol 
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F1GUF.E DESCXIPTIOZ\TS 

Figure 1. Forearm Slood flow (ordinate) in time 
{abscissa) bzfore and after arterial. 
occlusion (ao) , isometric exercise 
(Ison E) and isotonic exercise ( I s o t  E ) .  

Valtxes obtained before conditioning period 0 
and after conditioning aeriod 0. for the 
group conditioneii by isotonic exercise. 

Figure 2 .  Torearrc? blood flow {ordinate) in time 
(dmcissa) before anZ after arterial 
occlusion (no), isometric exercise 
( I sorn  E) am? isotonic exercise (I50t E). 
Values obtained before conditioning period C 
and after conditionin9 geriod 0. for the 
?roup conditioned by isometric exercise. 

before and a f te r  arterial occlusion (AO) , 
isometric exercise (Ison E) and isotonic 
exercise ( I s o t  2 ) .  Values obtained before 
conditioning 2eriocl 0 and after conditioning 
period 0. for the group conditioned by iso- 
tonic exercise. 

Fisure 3 .  Calf blood flow (ordinate) in time (abscissa) 

Figure 4 .  C a l f  blooi? flow (ordinate) in time (abscessa) 
before and after arterial occlusion (AO) ,  
isometric exercise (Isorn E) and isotonic 
exercise ( I s o t  E ) .  Values obtained before 
concitioning period 0 and after conditioning 
period 0. fo r  the cpoup conditioned by iso- 
netric exercise. 

Figure 5, Zeasurements of blood flow, fhnb volum, 
and limb compliance (orciinate) in time 
(abscissa) before and after an arterial 
occlusion. Note the larcJe change in limb 
volurne with no sipificant change in com- 
pliailce, 





0 
M 

Lr7 
(v 

0 
N 

0 
I-I 

rc) 

4 

0 

0 
r4 

v) 

Pi 

0 

Q 
+-I 

Lr7 

Pi 

0 

v) 

0 

0 
r4 



0 m 
m 
N 

0 
N 

m 
4 

0 
4 

8 
4 

v) 

4 

0 

0 
4 

v)  

4 

0 

0 
d 

m 

4 

0 

v) 

0 



0 
M 

v)  
N 0 



2.20 

2.00 

i.80 

i.60 

i.40 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

5.F. 
cc/1oocc F.A. 

min. 
' 6  

1 %  1 

5 min 
Art. Occlusion 

4 

3 

82 

4 

1 2 3 4 5 

Blood Flow 

Without AP 

0 1 2 3 4 5 
TIME (min.) 



Page 1 

APPENDIC3S I - XIX: DATA ,??-€E) GRAPHICAL I B T E R I A L  

IiUSCLE TXAIFlIiqG AiaD BLOOD FLD’? 

11. Kaneko, X ,  F. :?alters, and L. D. Carlson 

ifepartment of i-Iunan Physiology 
school of iiec?icine 

university of California 
Davis, C a l i f o r n i a  95616 

CONTRACT bJG2 05-004-026 

297 Pages 



Page 2 

APPEl\liiIX I 

aata used to nrepare Tables 1 - 7 

Forearm c i r c u m f e r e n c e  i n  milliweters 

Tensions i n  kilocpanis 

Peal: bloocl. flow i n  t n i l l i l i t e r s / l 3 3  
mi 1 1 i 1 ri t e r ar:n 

;~xcess blood fl01*7 in milliliters 

Cornpliancc i n  n i l l i l i t e r s / 1 0 0  mil l i l i ter  
arn 0 mm Iig. 

:luscle T r a i n i n q  and Blood Plow 
:I-  Kanelio, '2 ,  sa l te rs ,  EC I;, E. C a r l s o n  
F i n a l  Report NGR 05-004-026 

Pages 2 to 15 



,/ 



/' HAND ISOMETRICMAX TENSION. AFTER. I-SOMETRIC G R O U P  
61.500 55.700 61,100 52.200 0.000 MEAN = 51,625 SJD D E V  = *  4-?-4-8& - sl- -  ---_ .̂ I_ ---I--_I- - , " ~ - - - - - -  .-----_l.l.---_l".--."--..-l--̂ lll- I --__I_--. --- 

H A N D  T I M E  A T  MAX I S O M E T R I C  T E N S I O N .  BEFORE. I S O T O N I C  ____- GROUP-_ I 

--^l_______l_l__l-~ __________ 
17.500 26,530 1 7 e O O O  22.000 26,000 MEAN = 21.800 S T D  D E V  = s  4,508 

I H A N D  I S O M E T R I C  T E N S I O N - T I M E  AT MAX T E N S I O N .  _ -  BEFORE. I S O M E T R I C  G R O U P  
iS 0 7.3 0 0 1 1 0 9 T3 0 0 --6 0 L-0 0 0 7 2 e .  0 b O----O-. 0 0 0 MEAN = 986.400 S T D  DEV = *  408.966 



- __ F O O T  I S O M E T R I C  MAX TENSIOW.  BEFORE. I S O T O N I C  GROUP I 

?0.-100 58.500 90.806 101 .500  120.500 MEAN = 9 2 s - 2 8 0 ' S T d  DEV =, 22,524- 
- - __ - - _- - _ _ -  __  _I_ __ 

FOOT -ISOMETRIC M A X  TENSION.. AFTER.'-IsOTONIC -GROUP 
I 101.500 ^ -  . - ~ - I  60.500 " .  94.300 126.500 . _  . . - - - -  134,500 -- - I M E A N  . -  = r 103.460 - - S T D  - I  D E Y - = , "  I._ 29,273 ~ - -  

.- - F O O T  I S O M E T R I C  MAX T E N S I O N .  BEFORE. I S O M E T R I C  _ _ .  GROUP 
8o;ooo -foi.3oo i o &  ooo-- -94,800---- o-,%oo MEAN = 95.525   TO -DE?-=; -'ii:323 

, ____ ___ __ -__I_I- - _-_l-l __I -II__ - 
F O O T  I S O r t E T R ~ C  WAX T E N S I O N .  AFTER. I S O M E T R I C  GROUP 

100.500 -- - " - _  -- 124.800 .- 120.300 --- I"-- 109.300 1_ -.I-- - -I_-I- O * O O O  -I --_I- MEAN . - = __. 113-s-7-25-STD DEV- =sr--11.960_ 

F O O T  T I M E  A T  M A X  I S O M E T R I C  T E N S I O N .  BEFORE. I S O T O N l C  _. - . - __ GROUP - 
32.-000- 6-3-,000 70~.000'-14-3~000--5~~ 150@----p M E A N  = 51s900 S T D - D E V - = s  1S,217 

- - . _ _  .- -_ . - 
FOOT T I M E  A-T MAX - 1 S O M E T R I C ' T E N S I O N .  AFTER. I S O M E T R I C  GROUP 

0 S T O  D E V  - 18.199 0 72.500 50.009 56.000 24.000 - . . - _._ I 

F O O T  I S O M E T R I C  TENSION-T1?4E AT  M A X  T E N S I O N ,  BEFORE. I S O T O N I C  GROUP 
28 8 3.0 0 0 3 6  8 6 0 0 0 6 3  5 6.0 0 0 4 36 5 0 0 0 6  2 0 di-0 0 0 MEAN = 4699.200 STD D E V  =r1537.228 

. - - - --_ 
F 00 T - I  S 0 M E  T R I C - T  E NS I ON -T I f&E--A-T- -MAX T EN S I O N  . A F T ER . I S O T  Or\rI c GROUP 

5075.0003509.00C5610.9009550.8005245.500 _ _ _ .  _ _ _ _ ^ .  I_ - MEAN = 5798.240 S T D  D E V  = ,2246*443  

FOOT I S O M E T R I C  T E N S I O N - T I M E  A T  MAX T E N S I O N .  BEFORE. I S O M E T R I C  GROUP 
5 3 2 0 ~ 0 0 0 8 0 0 3 ~ 0 0 0 3 3 9 2 ~ 0 0 0 4 3 3 9 ~ 0 0 0  0.000 MEAN = 5188.500 S T D  D E Y  = ,2040*218  
. . -  

F00T-ISOMETRiC~TENSION-TIME A T - M A X  T E N S I O N .  AFTER. I S O M E T R I C  GROUP 
7 2 8 6 ~ 3 0 0 6 2 4 0 ~ 0 0 0 6 7 3 6 . 8 0 0 2 6 2 3 . 2 0 0  ._ - .- I.-I.- I - 0.000 _I" _.- MEAN - = 5721e.575 I ._ STD - -  D E V  =,2109o324 .. 



-.___-____I_- ................. ge -6. .  ..... ~ ...................... 

__.__ HAND _ - I S O M E T R I C - E A X - I Y I J M  .. TENS IOU ( M E A N  OF - 3 T E S T S )  * -BEFOR€.  I S O M E T R I C - G R O U P  
430700 52.600 42.400 4 0 . 0 0 0 ~ ~ 0 ~ 0 0 0  MEAN = 44.675 STD DEV = I  5.501' 

FOOT I S O M E T R I C  M 4 X I M U M  T E N S I O N  ( M E A N  OF 3 T E S T S ) .  BEFORE, I S O T O N I C  GROUP ___________ I_ __ _____ _ _ _  - . - - __ - - __ __ _ 
121.000 90,300 130o700 1 1 7 * 0 0 0  139.000 MEAN = 119,600 S T D  DEV = $  18.485 

- _I_ - - - I _I____ - -. I___ - 

f O O ~ ~ O M E T - ~ i ~ M U M I E N S T O N - - ( - ~ - ~ A ~ '  OF-3- T E STS 1 , A F T ER . I S OTON I C GR 0 UP 
= 130.560 STD DEV = v  18 .285 M E  I -. - I - -  - -  -I.-- -I" s__------ I_-- . _-.- 131.700 - - 98.700 --- -_ 14 700  139,000 142.700 

I- ___I-___^___- __"I 

- FOOT I S O M E T R I C  M A X I M U M  T E N S I O Y  (MEAN _ _  OF-3 T E S T S ) .  BEFORE. I S O M E T R I C  GROUP 
1 1 g.30 0 -1 49 .-O 0 0- IO 5 00 0 10 3.3 9 0 0.00 0 MEAN = 119.250 STD D E V  = t  21.156 

.... .... __I I ........ . . . . . .  . . . . . . . . . .  _ . .... ____ .. .... 

_1_1-_- . --.-I _...,------1__1-.----- .............. ---_I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ........................... , . . . . . .  

._ .- . . _ __  __ . .- .. . . . . . .  _I .......... I.___ ............ .- .... ... __ 

.... ... .... . .  ...... ___._. . ..... ... . 

-. "_...-----_I _ _ I ~  -.lllll.l-lll I__" .-.-__I . _-__. -__I. .... .- .-..-.I_ ..... lyltlx __-_I__ .... 



1 F O O T  I S O M E T R I C  M A X I K U M  T E N S I O ? I  ( M A X  O F  3 T E S T S ) ,  BEFORE. I S O M E T R I C  GROUP 
-k!3,000 160e000  109,000 1O6.000 00000  MEAN = I 2 4 0 5 0 0  S T D  DEV = i  240799  

t i- __ ........... .... .. ........ _I_ ... .... -_ ... - .... ___ ......... _- ..... -. .... I ...... __ ....... .. 

... -. ..... I____ . ............... ...... .... _I_.._ ....... - ............. . .  ........... 

i I . . .  .- ... - .... _.__-_.__I ____I-_--... ..................... - . . . .  -. . .  __  -. .. _ _  .. . - . . . . . .  



1 C A L F  PEAK B L O O D  FLOW. A R T E R I A L  O C C L U S I O N .  BEFORE. I S O T O N I C  GROUP 
25.100 16.600 21,600 14.400 16.2~0-I---MEAN=----~~.-.180 -STD--DEV = )  4 .005  

___ -- l-l____ _____-_____-__-__I-- 



_____I_..__ ____ -_ 1 C A L F  - -- P E A K  BLOOD FLOW. I S O T O N I C  E X E R C I S E ,  A F T E R ,  I S O T O N I C  GROUP 
i8.6OO 8.400 16,000 . c7-.600 19.600 MEAN = - 16,040 S T D  D E V  = Y  4.473 

. .- - -- -I____ - ___ ._ 
C A L F  P E A K  B L O O D  FLOW, I S O T O N I C  E X E R C I S E .  A F T E R ,  -__I__ I S O M E T R I C  GROUP 

--i-2-.-4 5.0 '12,40 ~ . _. .l_4 ;a oo b-;o 
_ _ _  .. -- - 

MEAN = 13.217 S T D - D E Y -  = *  1,205 

................... .. . - . ... - . . . . . .  . . . . . .  - 

__._-__lll-_I_._ --..-______ . .  .. ................................ ....... . I_ .................. 

... -_ .... .- .__________.. ... ....... ....... - ................... .- .......... . . . . . . . . .  - .... - . . . .  

. . . . . . . . . . . . . . . . . . . .  . .- ......................... . . . . . . . . . . . . . . . . . . . .  ............. . . . . . . . . . . . .  

.......... -.̂ --I. _l___-___I ... - .. ................... 1 .......................... _..-._I".. . . . .  

. __ _ . I . .__I__ .... __ .... - ........ - . - ...... .- ........ .. __ . . - ..... 

.. .. .... ....... -. . . . . . . . . . . . . . . . . . . . . . . .  ....... ..... - ................. - . 

. ~_..._____._____-_I_- ........ ...... ............ ..... 



I C A L F  E X C E S S  B L O O D  FL0I.I. A R T E R I A L  O C C L U S I O N .  BEFORE. I S O T O N I C  GROUP __I _I_-_ - 
8.580 9.Y50 3.860 16.510 6.800 - - 9 . 1 4 0  STD-bEV--=? 4,?0?---- 

__-__ ___I-__ - I_____.___l_l I_____ .--__---.._.I--- #E.AN .. -- 

C A L F  E X C E S S  BLOOD Ft0i . l .  A R T E R I A L  O C C L U S I O N .  BEFORE. I S O M E T R I C  G 
6 ~ . 0 1 0 ~ - ~ 1 2 . - 7 9 0 ~ ~ ~ - ~  8.-23-0-- 7.130 0.000- MEAN = 1 1 . 0 4 0 ' S T D  DEV 

ARM E X C E S S  BLOOD FLOd. I S O M E T R I C  E X E R C I S E .  B E F D R E o  I S O T O N I C  GROUP 
jS.670- -- 5-.690 -7,950- -3 ;700 28.07c) MEAN = 16.216 STD DEV =)  14.618 

- _. . - - - - _ _  I - -  
ARM "EX CE-SS -B COOD -FLU$/ .-- I SOM &? d I C-EX E R C  I S E . A F T  E R i- f SoToN IC'- GR OU 

17.410 ."_ 18.250 _ "  3.060 " . -_- I  1.090 - .- ~ I__-. 12,750-  - - MEAN = 8,512 STD DEV I =)  70050 I 

ARM E X C E S S  B L f l O D  FLON.  I S O M E T R I C  E X E R C I S E .  BEFORE. I S O M E T R I C  GROUP - .  

00200 2Oe73O-' -2.220 22.450 0.090 MEAN = -160392 STD DEV = #  9,497 

dR!& E X C E S S  sL-OOD-FLOW. I S O M E T R I C  E X E R C I S E .  AFTER.  I S O M E T R I C  -GROUP 
4.052 

_ _ ^ _  - - - . _I 

MEAN = 2.885 . _. STD . I _  oEV_-?r-  0.980 -__-  0,240 - lx- 1.400 -_ - " . 0.000 - - ._- 5_. - . - _ _  - -_ 

ARM E X C E S S  BLOOD FLOW. I S O T O N I C  E X E R C I S E .  _ _ _  BEFORE. -.- I S O M E T R I C  GROUP - ~ ~ - o  58-- I-_. 
1 j3T200 -207.380 -90,270 - - lob, lo5~----o~ooo MEAN = 130;225-STD-DEV = *  



* o~o.o C A L F  -1-55 E X C E S S  o- - BLOOD --~.oTs7b- FLOW, I-Tp-;.7.stl-,. I S O T O N I C  E X E R C I S E ,  __ - - A F T E R .  - _____ ISOMETRIC-GROUP -_ . * MEAN = 21,893 STD D E V  = I  14.623 

. ... ......1....___....__1_..--..-.....-.._.....-._._I........ ......... 

_I~_l_l_.l_I________ -._- I_ ____ ..... __I__" --..._-___.-I-_.._^ . l_l -,I. ........................ ............................. 

.. - . .. ... . __ .............. ..... .- . .  ......... 



- - - A R .--- M -_ VENOUS . C 0 M P-LJ- ANC E R E  S T . A R T_E R-1- A-L- -0-s L U S  I ON B E  FOR E2- j  S-0 M EJR I L G R O  U_P 
0.424 0.368-- 0.356 0,392 0.000 MEAN = 0,435 S T D  D E V  = I  0,127 

o-,354-- C A L F  VENOUS -o ..454-' C O M P L I A N C E .  _ _  REST,  _ _ A R T E R I A L  . - _ -  O C C L U S I O N e  - _ _  BEFORE,  ISOMETRI_C--_GROUP_ - _ _ _  
0.304 - dr386.- 0 .-@00 MEAN = 0.377 S T D  DEV = *  0.067 

- __ -_ -- c A L F vE\IOUs-cOMP L I A ~ ~ C E ~ R  E s T , ~ R T E R - I A - C  O C C L  u s I ON ,- A F-T ~d ;-I I sOME~R-IC-GROU-P I I 
0,273 S T D  D E V  = I  0.094 . ___- - ,  _I_ " - ._ I. /0.216 0.414 0.234 0.227 0.000 MEAN = ". ._I - l_l_l ____--I_- ~ I. - .. "-  - -- . .- .I" - -. " 

ARM VENOUS C O M P L I A N C E .  REST.  I S O M E T R I C  E X E R C I S E .  BEFORE, I S O T O N I C  GROUP 
'0.618 0.736 0.582 0,420 0,333 MEAN = 0,538 S T D  DEV = t  0.161 

ARM VENOUS C O M P L I A N C E .  R E S T .  I S O M E T R I C  E X E R C I S E .  AFTER,  I S O T O N I C  GROUP 
- I  0.642 _ _  . - 0.418 0,414 0.332 MEAN = 0.481 STD D E V  = p  0,133 - -  

-. VENOUS C O M P L I A N C ~ .  _ _ _  R E S T .  I S O M E T R I C  E X E R C I S E .  BEFORE.  I S O M E T K I C  GROUP 

1 - A R M  -VENOUS-C-b-MPLIAVCE.  R E S T ,  - I S O M E T R I C  E X E R C I S E ,  AFTER,  - ISOMETRIC-GROUP 

0.624-- 0.368 0.356- -0 .392 0,000 MEAN = OP435 STD DEV = I  0,127 

0.456 S T D  D E V  = I * _  _ _  0, 178 -~ MEAN = 0,710 _I._ 0,298 ~ . ̂ I"_ - 0.430 .- -. - .I "- 0.388 0.000 -~ 1.1- C A L F  I -_ VENOUS C O M P L I A Q C E ,  R E S T . - I S O M E T R I C  E X E R C I S E .  BEFORE. I S O T O N I C  - -  GROUP 
- .  

0 e 460 6 . 3  2 8----0-. 39 8--- 0 . 36 2 - - -O  e 3 26 MEAN = 0.375 STD D E V  0,056 



1 , - -. A R M  VENOUS CO_M_PLI.ANCE2_RESf. ISOTONIC-EXERCISE,  _AFTER. __rSOMETRIC_GROUP-__ .  - - 
O n 7 1 O K -  0.298 0.430 0.388 0-000  M E A N  = 0,456 STD DEV = t  0,178 

............... ..... .............. - . -_ ... . . . . . .  .. -. ...... .......................................... - . 

.. .. --l-l_ . -.__-__l_.-l-.-__.I..I.-.._ ... 111-.-. ............ .................. ....... ..l__l-_l ............ 

_. . . . . . . . . . . . . . . . .  _. ..... - ........ - . . . . . . . . .  . _- . 

........ ......... __ .... -. ... -. . .  - - ..... ..... . . . . . . . .  -. . . . .  . ~. . . . .  

-.--I^_____.. .............. ---- . ............................................... ,... . . . . . . .  , . .  , . . - .. 

._ . . .- . . . . . . . . . .  . . . . .  . *  

. _. _-_ ....... - .-  .. ... .. . . . . .  ........ 

........... - .  . ..-_I.."I_ I_. . . . . .  I.,__.. . . .  . . . .  . .  . __ 

. _I____._._... . _I_ I___ ___ - _. . ... ..__..___I .. -. .- - -. . __ . .. 



_-- ' - -. ARM _. V E N O U S  C O M P L i A N C f * _ _ E X E R C I S E .  _. - A R T E R I A L  - Q C C L U S I O N o  i -  BEFORE, I S O T O N - I C  -GROUP__ 
0.446 0 . 4 9 6 -  0.505 0 ,348  0.319 MEAN = 0,423 S T D  D E V  =*  0.085 

- ___ ARM - -- V E N O U S _ C O M P L I A N C E o  _I , _ _ _ l _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . I _ _ _ _ _ .  E X E R C I S E .  A R T E R I A L  O C C L U S I O N  8- B E F O R E ~ - I S O M € T R I C  -. _I_ GRCIUP 
b . 6 0 1  0,373 0.428 0 . 3 9 6  0.000 MEAt'd = 0,447 S T D  D E V  = I  0.104 

______.__- _________________I__ _I__ __-_I____ - ______.__I_ _I___I-_-_ 

C A L F  VENOUS C O M P L I A N C E .  E X E R C I S E *  A R T E R I A L  O C C L U S I O N ,  AFTER. I S O T O N I C  GROUP 
0.078 b.446 0.270 0.376 0.318 0.259 MEAN = 0.334 STD D E V  - 

I I - . " ---- -- -- _--_ x__-- ____ -.-. - ~- ~ --.I _I -_I- .- - _I - . __ - --. - I -. _- - _. - _. - 

C A L F  VENOUS C O M P L I A N C E .  E X E R C I S E .  A R T E R I A L  O C C L U S I O N . 5 E F O R E e ~ I S O M E f R I C  G R O U P _ - _ -  
1.373 0 .473- - -  0.304- 0,395.  0.000 MEAN = 0.386 S T D  D E V  0.070 
I - - 

C A C F - V  E NOIJS C OM P L-1 A ?Ĵ C E-.--E XE RC-I SE A R f E R I A L-- D CC L US 1 ON, A F T E R . IsOM E TR I C G R OGP-- - -- 
0.284 S T D  D E V  = I  0.102 .- -- 0 , 4 3 4  0,253 -~~ - ___I - 0.243 I I ._ _- 0.000 . -" __.. MEAN . . _  = I - - - _ _ _ I _  -- . - -I-- __I_ 

ARM VENOUS C O M P L I A N C E .  E X E R C I S E ,  I S O M E T R I C  E X E R C I S E .  BEFORE.  I S O T O N I C  GROUP 
3,758 0.503 0,546 00443 0.324 MEAN = 0.515 S T D  D E V  = t  Ool60 

0,803 " -  0.519 "I 0.543 0 ,398  I" - 0.333 M E A N  = - 01519 S T O  D E V  = *  . 0.181 ~ _ _  

2 ARM VENOUS C O N P L I A Q C E .  E X E R C I S E .  I S O M E T R I C  E X E R C I S E .  B E F O R E D I S O M E T R I C  GROUP .- 

I 

1 
0.764 0.440 0.355 0.408 0.000 MEAN = 0,492 S T D  D E V  = p  0,185 

_ _  __. 

ARM VENOUS C O M P L I A N C E .  EXERCISE. I S O M E T R I C  E X E R C I S E .  AFTER.  - I S O M E T R I C  GROUP 
^ -  0,865 0,350 " 0.503 - .- 0.340 - _ _  0.000 _. - - 0.514 ~. STD DEV - - = *  . r_ - 00245 1- ~ 

MEAN = 

I C A L F  VENOUS C O M P L I A N C E .  E X E R C I S E .  I S O M E T R I C  .~ E X E R C I S E . 5 E F O R E .  - -  
k.441-- - -0 .280- - -0 ,376- -  0.393 0.296 MEAN- = 0 . 3 57 S TD- d E  V-- = 0.-0 4 8---- 

I S O T O N I C  - -  GROUP 

.__ . 

C A L F  VENOUS CUMPLIAI\JCE, - E X E R C I S E .  I S O M E T R I C -  EXERCISE.---AFTER:- ISOTOaIC- GROUP 
- j . 4 2 0  --I 0.236 0.340 0.325 0.248 MEAN = 0.312 S T D  D E V  = T  00075 

_"I " .̂ - - ---_--I----_-_. - __ll_.---__l--.I_I_I_I--___--I__II_--..x ___l_.l__I__I_- Î --.x_ -_^------ "l_-ll- - 1  

C A L F  V E X O U S  C O M P L I A N C E .  E X E R C I S E .  I S O M E T R I C  EXERCISE.5EFORE~ISO~ETRIC -. _ _  __ -I (;ROUP _. __- 

a 2 9 -0747 3-- 0-.27 5---- 0.3 13--- 0 . 0 0 0- MEAN = 0.338 S T D ' D E V  = )  0.091 . 
. -  I c ~t F -V-E N oU-s EoMP i x A  NC E-* E X E R c I s E . I s OM E T R I c -E x E RC I-s E .---A-F T E RS I SOME TR-I C-GR OU P---- ~ 

.18i  0,386 0.224 0.284 0.000 . -- MEAN = 0.269 S T D  DEW = I  0.089 -_ -_ _ . _ ^ _ _ _  "--..I- - -_  _"____^I_ ~ _ _ _  I_ -. I-_._.  I_^ _"_ - __l_l--l____̂ -l.--_l-- -- 



j - -- _ -  
FA< F I V E 1u o u s c o M P  L-IAI\I C E * E X E R  c I SI. I so T ON I c E x ER c I s E. BE F OR E .-. I so TdN I c-G fi ou P -"-_"- 
e543 0.201 0,085 . -  0,313 - - -  0.275 MEAN = 0,283 STD DEV = t  - I 0.169 - - _ _  - 

i 
CALF VENOUS C O M P L I A N C E ,  -- - .._ - . E X E R C I S E .  -_ _ _  I S O T O N I C  EXERCISE. _ _  AFTER,  I S O T O N I _ C _ _ G R O U P  

.+326-- -3; 140 0. 0,165 0,328 MEAN = 0.218- STD -DEV = T  0% io i - - - - l -  

......... ....... .___ .. -- . ... .- ............ ...... __ .... -.__I_ ............ 

........... ........... __ .. .... - .- -. . - - - 

........... _I-_- . I__ ........ --I . . . . . . . . . . . . . . . . . . . . . . .  ., . . . . . . . . . . . . . . . . . . . . . . . .  X.,.-r_." ......... ...._, ................. 
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APPENDIX I1 

Tables and graphs of arm blood flow in, aasure- 
ments and group averages before and after Arterial 
Occlusion, comparisons before and after training. 

Slood flow. in. nilliliters/l00 milliliter 
ariii isinute 

Time in xinutes 

Graphs; nbscissa, tine 
Ordinate , blood f lot? 

Group D is isotonic conditioning group 
S is isometric conditionin? group 

Xuscle Traininq and Blood Flow 
Li. Xaneko, R. F. ;?alters, ti L, D, Carlson 
Final .<eport i f G 2  05-004-026 

Pages 16 to 32 



. . . . . .  . - . . . . . . . .  - ........... - - .... -. ...... __ __ .. . - -- - . .  .- .. 

- - .  -. . - - 
A V E R A G E S -  F O R  A R M  BLOODFLOW--AO--BEFORE T R A  I N I N 6 ; - - G R O U P = D  

INDIVIDUAL 1 2 3 4 
. _  - _  

5 MEAN- S T O  O E V -  

i 
... -. ..... - ........... 

0.25 PIN 18.20 
0 - 5 0  5-51 
1.00 2.60 
1.50 2.14 

- 2 . 0 L  - ____I_ 1.84 _ 
2.50 2 - 3 0  
3.00 2.60 
4 - 0 0  1.99 
5 a O O  1.84 
6.00 1.99 

1.99 
8 o C O  1.99 
9.00 1 - 8 4  
10.00 2 - 3 0  

- __ _ _  . -. __ 7.00 

... __ .. .. -. .......... 

........ - ................. 

27.80 
1 4 - 4 0  
9.50 
? e 8 0  
5.40 
5.68 
?e40 
6 - 5 2  
6.68 
?e95 
6.81 
5 .95  
7.66 
b e 5 2  

16e50 
12.70 

3.80 
2 - 5 5  
2.53 
2-42 
2.53 
4.25 
3.22 
3.34 
3.22 
2 - 5 3  
3.00 
2.88 

- _ .  
20.30 2 0 - 1 0  20.580 4 , 3 2 3  
1 7 - 0 0  1 1 - 4 0  
10.70 4.80 - 

5.19  4.68 
3.82 .- 4.57 3.632 I ._ - _. - - 1.455 - 
3.60 4 5 3.714 1.-439 
3.49 3.28 3. 860 2.022 

1.791 2.40 3.75 3.782 
2.95 3.75 3.088 10812 
2.62 3.75 3.930 2,346 
2.40 3.75 3.634 _ -  1.904 
2.51 3.51- _- 3.298 1.581 
2.73 3.04 3.654 2.291 

3 .04  3.450 1.741 2.51  

- 

- _ -  __._ 

.. ......................... 
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..................... _. ...... .... .. - ... . . . . . . . . .  __ . . ............... __ . ___ - ... 

.... - ... .___-I.__ ..... .. I ........ ................. -_ ._ .. . .- . 

3 
...... 

4 
- -  

S T D  O E V  

1.00 - -_ 4.18 
11.50 4.56 

5.00 - . - 2 - 4 6  _ _  
1 6.00 2.34 

............ .__ .. .- __ ..................... 

3e38 
2.63 

?e61  
4e57 

8 .65  
5.75 

2.317 
l e 1 6 9  

2.87 
2.12 
2.62 
2.37 
2.62 
2-50 

4 .19  3.72 _ -  3.62 3.446 0.585 
4e32  3.23 3 * 3 4  3.194 0.790 
4.44 2.52 3,ia - 3.044 - .  0.831 
3.68 3.11 3 . 0 7  2 0 9 1 4  0 .565 

2 , 9 0 4  I O a f 3 6  4.18 2 - 2 8  
3.17 2.52 3.61 2.852 0.516 

~ 2e74  - -  

. 0.484 ._ -_ - 2.62 3.60 2.64 . 2 e 8 5  2.850 
2 . 6 2  3.55 2 - 0 4  2e74 2.756 0 .  540  
. . .  -. . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _  .. .... ._ .... . __ .. - -. . .  - - ............. - .... 
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AVERAGES FCR AO ARM B L O O D  FLOW--BEFORE -TRA-INI&%L-GROUP=S 

3 e O O  1 4.00 ' 5 o O O  
6.00 

2092 
2.08 
3.01 
2 - 0 8  
1 - 9 8  
2 - 1 7  
2 - 2 6  
1 - 7 0  

2 - 7 3  
l e 7 4  
l e 9 9  
2-36 
1-99 
1.99 
l e 4 9  
1 - 9 9  

2 - 6 7  
2,67 
1.97 
1-74 
2.20 
2-09 
l e 8 6  
1 - 9 7  

2m84 
2.41 
2.41 
2-69 
2a69  
2.69 
2 - 5 5  
2m41 

2.790 0.112 
2,225 0 - 4 0 4  
2 - 3 4 5  0 , 4 8 8  
2,217 0 ,404  
2.215 0-333 
2.235 0-312 
2,040 0.463 
2-017 0 .293  

- -  

- -  

. . . . . . . . . . .  . . . . .  . . . . . . .  ..- ....... . . . . .  -~ 

... ~- . . . . .  .... _. 

. . .  .. . .. . ._ . . . . .  - .... 
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AVERAGES F O R  AD A R M  BLOOD F L O W - - G R O U P = S - - A F T E R ~ - T R A I N I N G  
- -  - - -  - *  - 

N D I  V I  DUAL 6 1 8 9 MEAN STD DEV- 

3.00 3.25 3.15 
14.00 3-36 2.78 
5 e O O  1.74 2078 
6.00 2009 3.03 

2.20 _ .  2.42 
2-32 3.03 

._ - 9*00 .. . ._ . - 1.85 2.90 
,lO.OO 2009 2.90 

3.51 3,247 0.188 
3.38 3-000 0.445 
2.66 2.357 0.470 
2e56 2.655 8.406 
2.56 2.440 _. . 0.190 - _ .  
2054 2.562 0.326 

0,430 2-30 . . .--. I 2.352 
2-42 2.502 0.339 

,." . . . ..... - ~ . .-- .. .. .__. . . .. . . - . . .- . . _. . -. ... .. . 



. .  - ....... - ...... - . . . . . . . . .  ......... ..................... _- -_ . __-_ . .. 

~ - . - _- .I _ _  - - - __ _- - I_ - _ _  _I 
AVERAGES FOR - CALF BLOOD FLOW-AO-BEFORE- TRAINING--GRGUP=D 

2.81 
2.70 

3.88 3.28 
4 - 5 0  3.88 3.28 

[ ._ 4.00 - -  

5.00 4.33 2.46 5- I . - - - . - 

i AFTER 
_ _  

. . . . . . . . . . . . . . . . . . . . .  .... 

0.25 M i N  25-10 16.60 1- -0.50 19.10 10.80 
Is00 6.73 5 - 2 8  

1 1.50 4.80 5.15 

3.00 
1 4 , O O  

5.00 
6.00 

9.00 

1 io*oo 

3.88 
4.00 
3.42 
3.18 
3.18 
3.30 
3.30 
3.65 

3.28 
3.51 
3.28 
2.81 
2.93 
2.70 
2.70 
2 e 9 3  

. . .  .. .. - . . .  

3.12 2.45 3.60 3.262 0.731 
3.95 3.06 3.4 l---- 3;400--- -- 0,534--^---' .  

3 2 3 3.144----- 0 . 5 9 8 - - -  - -  

3.60 3.06 
3.36 2.45 

3 * 4 1  3.402 01490 
. -. 

3.60 3 * 1 7  - _  3.68 3.334 0,613 
3 - 6 0  3.27 3.-33- __- -  3.262- 0.478-- 

21.60 
16.80 

6 - 9 5  
3.95 
4.07 
3.83 
4.56 
3.83 
3 . 3 6  
3 - 4 8  
3 .36  
3.48 
3.36 
3.40 

16.40 
11.80 

g 0 7 0  
6-55 
4.22 
3.80 
3.48 
3 - 5 9  
3 - 0 6  
3.16 
3 . 3 8  
3.38 
3.48 
3.69 

16.20 
7 - 9 1  
6.1z 
5.95 

3 e 2 4  
2.88 
3 e 2 4  
3.06 
3.Qb 
2 0 9 7  
3.15 
3 .06  

19.180 4.005 
13,282 4,567 
6.956 1.665 
50.280 1.010 
3.844 Oo311 
4.476- 0 . 3 3 4 - - " -  . 
3oEt38 
3.562 
3,272 
3,138 
3.182 
3.166 
3,198 
3,362 

- -  

0.549 
0.428 
0,138 
0.241 
0.193 
0 ,323 
0 . 3 0 3  
0.347 

. .  

. . . . . . . . .  .- .................... - ...... 

................. ~ 

............ .- ..... ~- ..... .. ........ -. 

... . . .  . . . . . . .  I_ ...... ..... ........ _. . . . -  
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- I X .  - - -  _I_. _ I  - --.I_._I I - L - "  _" 

A V E R A G E S  F O R  CALF B L O O D  FLOW-AO-AFTER 'TRAXNING--GROUP=D 
( I N D I V I D U A L  1 2 3 4 

_ _  
MEAN STD O E V  

2*42 - 
2.42 

2.40 
2.40 

2.05 
1-94 

2.76 
2-48 

2.20 
2.20 

~- 2-18 . 2.50 
2-37 2.60 
2818 2.80 
2-48 2-60 
2.18 1.70 
2.77 1.80 

- 1.78 le80 
2.08 2.20 
2-28 1.70 
1.88 1.80 

.... ___. ................ -. 

l__l ---.I ... .. - __ .................. 

20.80 16.10 _- - W J O  ._ _._ 15.940 - __ 4.127 .- 

4-96 10 * 10 8w12 5.968 3.097 
3.88 7.70 5*20-- 4.348 - . 2-198 - 

2-26- 2-60 
1.94 1.80 -- 3 . 4 0  2,422 0 , 6 3 4  

3 - 3 8  2,636 0.497 2-80 2.10 
2.59 2880 3.30 2 . 7 5 4  0 .326  
2-37 2.60 3 , 4 0  2.450 0.626 
2070 2.60 3.87 2,748 Os 739 

2*05 5e25 3.78 3,152 1.357 
.- - 3 e 40 . -" I__. 2.588 --_ _- 0.485 .- . 

1.84 2.20 3.50 - "2.224 __--_ 0,734 - .- ~ 

2-40 2-20 3.40 2.472 0.539 
3.02 2.20 
2-37 2.20 

0.511 . - ._ 2,388 - 2-74. - -. 
3.30 2.310 O o b O O  

........................ ~ ..... _...______I ......... ...... 

__ ll_l_ I__.._-.I.. ... . . . . . . . . . . . . . . . . . . . . . .  . --- .... ...... .. 
_ -  
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INO I v I o u A L 6 I 7 8 
. . . . . . .  . . -. .-- -. 

3 
-- 

MEAN- STD DEV 

- -  - 

5 - 0 2  1.76 
5 - 2 2  
5.31 

1.76 
1.86 

5-50 1 - 9 6  
4.95 2.16 

_" 5-50 
5 e 2 2  

2.06 
2.06 

3'. 27 3.675 1,431 __ -. 

3-06 3 e 4 0 5 1 . 3 2  1" 
- _ .  . -  

1.380 3.06 
3 ,  17 3,555 1.432 

.__ ._. 
3.625 

-. - 5.41 2- 16 
5 - 4 1  l e 9 6  
5.31 2.16 

AFTER ARTERIAL 

3.27 - 3,605 - - 1,305 ... ......... 
OCCLUSION 

.......... .. .- .. __ .... . -. .............. - ... .. . . . .  - ._ 

21.30 
11.60 

4.00 
3e07 
2.86 
2.76 
2 - 4 6  
2 e 2 5  
2.15 
1.94 
1 - 9 4  
2.15 
2.04 
2.04 

- - -  4,715 19.725 
11.867 3,750 

6,152 2e 851 
4 - 6 1 7  2.037 

- _ _  - 4 . 0 5 2  1.539 

_. 

3,857- - ~ 1.7 5 6 

2 2 - 4 0  
14.90 

7 - 3 8  
6.35 
6.15 
6 - 2 5  
6.25 
5 e 1 3  
4.48 
4.39 
4.4% 
4 - 5 7  
4 - 7 6  
4.74 

1 2 - 7 0  
6 . 6 7  
3.63 
2.65 
2.94 
2.35 
2.55 
1.96 
2e06 
1 - 8 6  
2.06 
1.67 
1 - 6 7  
1.86 

0 - 2 5  M I N  - 22.50 
1.0.50 1 4 - 3 0  

_ _  1.00 -. . 9.60 
1 - 5 0  6.40 

- - .  4.26 
4 .07  

3eOO 3097 
4.00 4.45 

15.00 3a87 
6.00 3 - 2 9  

3.807 1-  7 6 9  
3.447 1,519 
3,140 1 .221  
20870 1.207 

7-00 .-. - ._ . - _. 
1-8.00 

3.10 
3.58 
3.87 
4.07 

1 9.00 

iroeoo 
3.085 
3.182 

1.474 
1 .453  

. . .  . . . . . . . .  ...... . ............. ................ 

.. ---_..__~_I__.__ ..................................... 

............... __.__--_______-I_._____-..___-.___.--I___. ... - 

. . . . .  - .. - ................... ............. ... - . -. . -. ................. 

.......... ....... .- ........... - . . . .  

.. - .......... .- - -. . . . . . . . . . . . . . . .  . . . .  
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AVERAGES F O R  CALF 5 L U O D  FLOW-AO-AFTER TRAINIP&--GROUP=S 

I N D I V I D U A L -  6 7 8 9 
_. - -  - 
M E A N  

.--Î _-_._xI1I ._.--I" -1 .._-I 
I AFTER ARTERIAL OCCLUSION 

_.-......_...I. ..... . - . . . .  --. --.. . . . .  . . . . . .  - 

_ _  - _ _  O a 2 5 - M I N .  16.20-  . 20.40 12aOO 18.10 ............. __ ... 16.675 3,558 
I-0.50 12.40 8.51 5a82 8050 8 a 8 0 7 -- - _- 2 , 7 0 9  

4.45 
2.70 

5.62 
4.95 

2.68- 
2a54 

1.299 . . 

1.143 

- 9.00 r o o o 0  

3.00 4 a 8 5  
2890 3.57 
2.90 4a50 
2.90 4.85 
2.90 I 4 - 6 0  
2.71 4.08 
2.90 
3.10 

3 e 5 6  
3.83 

2.35 
2.44 
2.25 
1 - 9 7  
2.25 
2a44 
1 , 9 7  
2-06  

3 e 0 4  3,315 1,074 
3 a 1 2  3.001 0.470 
2.60 3,062 0 . 9 9 4  

3,125 10222 2.78 
2*78 . _- 3.132 . l a 0 1 8  
2.60 2,957 Om756 

__ 2,780- __ 0. 655 __ 
2,985 0,727 

- i. . . . . . . . . . . . . . . . . . . . . . .  ........ . . _ -  . . . . . . . . . . . . . . . . . . . . . . . .  ....I_..._____- ...... _"I...._._._-...- ............ - 
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A V E ~ A G E S  ~ o d  ARM BLOODFLOW-I SOMET--BEFORE- T R A I N ~ ~ ~ G R R u P = D ~ - - - -  

PNDI VIDUAL 1 

2.30 .. 

-2.. 6 0 

........................... 

0.25 M i N  20.50 
0.50 22eoo  
l e 0 0  13.30 

I le50 12.40 
1-2.QO _ _ _ _ _ _  . _ _ _  6.60 

2.50 6090  
3000 5.35 

14.00 4 - 4 0  
5 e O O  3.83 
6e00 5.03 

1-7.00 _. 3.83 
1 8 - 0 0  3e37 

9 - 0 0  3a22 
3.22 

lloooo 

2 3 4 -  
. .  

5 - PEAN STD OEV 

5.21 
4.83 
5.70 
5.52 

_I 5.97 
6450 
6480 
7 e 1 0  
6 .51  

AFTER 

14.50 
11.05 

9951  
7.10 
4.83 
6 y 8 0  
4.70 
4,26 
4.40 
3.83 
3.97 
3e69 
3 e 8 3  
4e96  

2.65 
3.57 
2.41 
2.65 

3 - 2 2  
3.22 
2.65 

ARTERIAL - _  

2.40 2,92 ...... 3.618 -_ - 1.803 
2.50 3e04 3.722 l e 9 0 8  

8.52 
? e 6 1  
6.92 
4e30 
4.03 
3.10 
2465 
2.53 
2.42 
2.07 
2 - 6 5  
3.15 
2 - 0 7  
2.65 

8.30 
7 .97  
3.71 
3.06 
3.06 
2.40 
2.73 
2.40 
2.40 
2.73 
1 .74  
2.40 
2.18 
2.40 

7.02 4.506 
5 - 3 9  3.836 
5.27 34664 
3.51. 3 4 4 3 4  
4 . 2 2  3.282 
3.75 3.272 
4.33 3,126 
3.87 3,420 

l e 8 5 1  
1.3~3 
18254 
1.125 
1 052 
0,545 
0.996 
l e 0 3 0  

____ ........ . . . . . .  . . . . . . . . . . . . . . . . . . . .  -.-. . .. ...... - .. 

. ... .... -. .... _- ........ - .. ... - . .- . .  - . . . . . .  

............ _ . . . . . . . . . . . . . . . . . . . .  ... ............... . 
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~ -I --- 1 
AVERAGES 'FCR A R M  BkUODFLOW-- ISOMET--AFTEK TRAIN.--GROUP=D 

2 3 4 5 

2.75 
2.87 

3.05 
3.30  

0 . 2 5  MI& - 12.80 10.50 
0,50 9 - 4 0  13800 

6.40 9.00 
4.93 9.75 I 

_ _ _  .. 11.80 4 . 8 3  . _ _  9.65 - 9.916 3,088 
11.40 3.24 9.55 9 . 3 5 8 - -  3.707 
7.72 2-68 7.90 _ _ _  6.780 - 2.368 
9-15 . 2.40 7.25 6.696 3.051--- 

3 .33  ._ . 5 * 6 2 - .  
2 . 5 0  3 . 3 3  5.25 
3 e O O -  2 .58  3.87 

1 4 , O O  2.45 3.37 
-- 5.00- .__ I- 2.58 3.50 

6.00 2.46 3.62 
I I 7 . 0 0  . ."  _I 2.83 3.00 

8.00 2-34 3 e O O  
-. - 9-00- 2.34 2162 
j10.00 2-58 2.50 

- .  - _ _  . - f 

7 . 3 5  3m36 ~ 

7.35 2.76 
5-84 2.29 
5 . 8 4  2.76 
5.32 3.24 
4.44 2.76 
5.78 2 .64  
4.32 ,2.52 
4.06 2.60 
4.06 2.63 

~- I 5 * 8 6  -__  
5.55 
5.43 
4.66  
4.10 
4. 3.7 
3.55 
3.00 

3.07 
- 3 . 3 3  

- _  5 -  1 0 4  _-I - 1-73? 
4.848 1.842 
4,000 1.614 
3,816 la413 
3,748 1.034 
3,490 0.862 
3 . 5 6 0  1.287 
3.036 0.775 

_ _  2 .990  _ -  0.762 
2.968 0.649 

.- . . . . . . . . . . . . . . . . . . .  -_ ... . _  I-... . . 

_ - _  
... ......................................... .- __-.-__I_ __ .- ___^ _."._I __.._.___I_._____ __ 
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A V E R A G E S  FCR ARM BLOODFLOW-ISUMET--BEFORETRAI~J;--GROUP=S 

-_ - 
0.50-MIN 

. -  
5.00 

I - _ -  . _  

Oe25 

1.00 
1.50 

10.50 

12.00 
2.50 

, 3.00 
i 4.00 

5.00 
6.00 
7.00 

1 8 . 0 0  
9.00 

.. ._ . . . . . . .  

M I N  

. . . . . . . .  

. .  - _  .~ 

. .  

6 7 8 9 
.. - 

MEAN STD DEV 

2.17 _ -  
1-98 
2-17  
2.26- 

2.23 
1.61 

2.21 l a 7 0  
2.44 1.99 

2.36 1 - 9 7  
1.74 2.21 

2.41 
2.41 
2'. 7 0 2.062 0.460 

0 . 5 07-- - - - 
- - - _I -I_-Ic - 1.60 1098 '  1.97 .. _ 

1.79 1 - 7 4  2.09 2.84 2 a 1 15r- 
2.26 
2.08 

1.74 
1 - 9 9  

l e 9 7  
1.97 

2012 -. - 
2.26 

.......... - 2.022 0.222 
2.075 0.132 

-. - 

8.00 
7.18 
6.60 
6.90 
4 0 7 0  
4.34 
3 40 
3 0 4 0  
3.30 
3.20 
3.96  
2.26 
3.11. 
3 0 2 0  

9 - 9 0  
7.70 
6.70 
5.95 
5-10 
4 -  10 
3*97  
2.23 
3*22  
3.73 
3.48 
2.60 
2.98 
3.10 

. -._ . - - 

5 0 1 1  
4.65 
3025'  
2-44 
2.32 
1 - 9 7  
2.20 
le97 
2.32 
l o 9 7  
1.97 
2.09 ' 

2.20 
1 a 9 7  

2.26 2.23 1.97 2.12 . _ _ _  ..- 2.145 - _- _- - -- 0.131 - - - - - -  
_. 

. -  

AFTER ARTERIAL OCCLUSION 
_ _  

13.30 
15.20 
6-57 
5.95 

3 . 9 8  

3.70 
2-90 
3.26 
3 . 4 1  
3.12 
3 - 4 1  

3 0 8 3  

9.077 - 3 . 4 3 6  
8.683 4.545 
5.805 1 704 
5.310 1 -965  

1 0 5 5 5  4 , 5 1 7  
3,772 1.225 
3 .387  0.837 
2 . a ~  0.898 
3.135 0.582 
2,970 0.737 
3.167 0.850 

._.- __ - - 

- -  
2 .590  o . 5 ~  
2.852 0 . 4 4 0  
2.920 0.646 

. . . . . . . . . . .  . .  

... .. . . . .  . . .  ...... ............. ........... 

.. . . . . . . . . . . . . . . .  .......... - .......... __ __.I___- .. - - .-_ 

I_ ................... .. ........ .. _______ .... .. 

.......... ... A ............................... 

- . . . . .  -. ....... -. . . . . .  ..... - .  . . . . . . . . . . .  -_ ..... . .  __ .......... -_ - . - ......... 
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- - . I  . _ - .  - - _ _ -  I . I . 

INDIVIDUAL- 1 2 3 4 5 nEAN - -  STQ QEV 
_ 

t 

I ^ _ I I  I_______ _- _ I _  - .. - +  _ I . _ _ _ _ _ _ _ - _ -  - - - -  
T I M E  CONTROL PERIOD 

__ - -- - -  
I-_ - - -  _ .  

_. - ---I_ - . -. - - - __ -. - I - __ _ 1 0.50 HIN 4 - 6 5  2m93 4m20- -  2 m 5 3---- 3,68 3.598 0,-875"--- 
____I. _____ 1*00-- - - __ 4.33 2.81 3m12 2m45 - _ .- 3960  3.262 Om731 

1.50 3.88-- -  2m70 3m95 3mO6 3m41--- 3 4 0 0 --- 0.534 
Om490 - 1- $1;: 4 - 1 0  -_ 2m84 3.60 3.06 3m41 

--_.I 3 00- 3 - 8 8  ___I_ 2 - 3 4  -. 3 - 6 0  3m17 - 3 - 6 8  3,334 Om613 

- 1 . __  4 .00 -  .. 3m88 3.28 3 - 8 3  3m27 3.41 - 3,534 O m  299  
4 - 5 0  3 - 8 8  3m28 4.32 3m17 3 - 6 8  3,666 0.466 

- -. __ 3,402 __ I 
3m98 2m70 3 - 3 6  2.45 3m23 3.144 Om598-^- - -  

3.50 3m65 2.46 3m60 3.27 3 ; 3 3--- --- 3m262--- 0.478- 

_ _  4 - 3 3  2m46 4 - 3 2  3.48 3m68 . . . .  - _  3,654 0.768 

AFTER ARTERIAL OCCLUSION 

Om25 M I N  6m05 3 - 2 8  
- 1- o m s o  6.15 3.86 
- .-. l a 0 0  4.65 3.28 

3 - 4 5  3m40 
3m08 _ _  . 2m46 
3 - 6 5  2 - 5 8  

3m00 4.33 2.23 
- 1 4.00 3m53 2 - 3 4  

6 - 0 0  3m30 2.46 
- ___ 1 5 m O O  3.08 2.11 

6m95 
6m25 
6.71 
4 - 8 0  
5m28 
3.83 
3.60 
2.88 
2 - 7 6  
2,8a 

4m96 3.42 4 , 9 3 2  1.608 
4m22 3 - 4 2  4,780 -1 .327 

3.38 3e68 3,782 0 .586  
l a 0 5 4  3.38 

3m16 3.T8 3 . 4 0 0  Om530 

2m74 3 - 4 2  4.160 1 .5~18  

_ _  3. 42 -_ - 3 , 5 2 4  - -  

3.06 
3 . 9 0  
3.27 
2-53 

3m30 -. 

3.53 
2.70 2 - 7 6  ._ 2m74 .- 
3m05 2.16 2.74 

2 - 8 8  
3 - 0 0  

2.85 
2.54  

3m42 3.328 Om769 
3m42 3 , 2 1 4  Om610 
3m24 2 . 8 9 2  Om482 
3.24 2,882 Om389 

3m24 
3m42 

2 .864  
3,062 

Om407 
Om643'---- 
Om499 
Om287 

. .- . . .  ..- ........ .. -. _ _  . . . 

.... ... . . . . . . . . . . . . . . . . . . . . . . . .  .... .... 

- _.-I. - ...... ............................................... ..__~I_.-______._.____ . .. 

*%. 



2-00 _ _  - - - - _ _  1-98 2-00 2-48 - 2-02_._ _. 2-83 2,262 - I -  0-380 ... _ _  I 
2-50 2-08 2-30 2,81 2-62 2-73 2-508 0,308 

2-28 _ _  
2-08 

2-40 
2-40 

2-05 
1-94 

2.42 _ _  
2-42 

AFTER ARTERIAL OCCLUSION I - _ _ _  _.._. . _ _  . _. -- - -  .- - ...- -- , .. . ~ . * _-_ 

3-40 
3-70 

9-20 
6-28 

3-10 .... - 
3-00 

1,122 - ._ 
1.576 

3-97 
2-77 

2-90 4,97 2-00 - 3-20 __.  3.408 
2-70 6-26 2-50 3-12 3,470 

2.77 2-40 - _  5 - 5 1  _ _  2-00 2-992- " -  3-120-- - "  1,383 __  
2-50  2-37 2,oo 3.02 2a20 2-83 2-484 0,429 

2-57 . 2-10 
1.98 1-70 

3-45 
3-13 

2*20 
2-00 

2,668 
2.328 



Page 40 . . -. ... ____ -. ....... __ .................... ._..I____ ....... 

_. .......... ___.- ............. - .... -. .... . . . . . . . . . .  - ........ _- - . ... 

7 -  8 
..... 

9 

__ 3-87 5-41 2-16 3-06 3,625 1-380 . .  

3,555 1.432 
1-305 

4-50 3-68 5-41 1-96 3-17 
- .  - -  3-68 _ _  5 e 3 1  2-16 3-27 3.605 

_ . _  

-.- - I _ . _ I  - 
I- AFTER ARTERIAL OCCLUSION 
- . _ .  - _ .  - _ _ _ I  - .I_I - 

1-0-25 M I N  . .  4a07 5-41 
Oe50 4-16 5-69 

3048 6-35 
3.58 7-00 

. -. 2.00- - _--  I 3068 . 6-15 
2-50 2 0 8 0  5.50 

1 3-00 3.87 5-60 1 4 , O O  2-80 4-66 
_ -  5-00 -. 4-55 5-05 
4-00 2.90 5-05 

-_ _ "  4-07 ._ 4-85 
4-75 4-95 

9-00 4.07 4-66 
4-16 4-40 

2-26 
1-96 
2-45 
2-55 
2-85 
2-55 
2-75 
2-35 
2a65 
2-35 
2-55 
2.35 
2-26 
2-65 

3-88 
3-99 
3 - 8 0  
3.06 
2-06 _ _  

I 3-06 
2-35 
2-25 
2-35 
2-15 
2-35 - 
2-25 
2-25 
2-35 

30905 1.291 
3.950 la531 
4oC40 1.654 
4-04? 2.013 

1.559 3-085 
3.477 1.364 
3 , 6 4 2  1-455 
3.015 1.122 
3.650 1 349 
3.112 1,330 

- _ _ _ _  . -  ._ --I 

__ . .-- - - 3 . 4 5 5  1.206 - - __  
3 - 5 7 5  1-475 
3-285 _ _  1.271 
3-410 1- 066 

- -- . - 

~- ............. ... ...... - .................. 

....... .. . . . .  ...... . . . . . . . .  ....... ~ 

.... . _ . . . . . .  . .  .- ... .. . . .  .- ._ .......... _..__ - .... .- 

................ . - ..... I_ - 

_---.-.-I.--.-._____._._.__.. ....... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  __ ..... ...... 
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Tables and charts of arm Slood Elow measure- 
roents and groun averages before  and a f t e r  i s o t o n i c  
exercise, comparisons hezore and after condi t ion ing  
per iod e 

4ilood f l o w  i n  m i l l i l i t e r s / l 0 0  m i l l i l i t e r  
arm 0 minute 

Time i n  minutes 

tiroup j3 i s  i s o t o n i c  condi t ion ing  group 
S i s  i sometr ic  condi t ion ing  group 

Paqes 50 to 66 
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Page 51 
... ......................... "-._.________I_. __ .____._____.__-.--I-_-_- ..... . - '  

.- 

... ... . . . . . . . . . .  _ _  . - , . . . . . . . . . . . . .  ~ I _  ...... ._.I_ .~_._.I_-.._--_- __- . -. .... - 

-._- - - _ _ _ I _  - - . _ _  . _ _  - _ -  - ___ - - _I - -- 21-2 I--- ~ o-,16 4- - __ 
2.91 4.40 3.10 2 e 0 4 -  2-81 

1.00 - 2a14 5e21 2.65 2a40 - ._ 2-92 3,064 ._ 1-234 

le408 
2.30 4-83 3.57 2.50 3 0 0 4  3,248 1.013- 
2.30 5.70 2e41 2.72 3 - 0 4  

. _ -  3.234 - _ .  _-  . _  - _ 
2e50 2m60 5-52 2.65 2.83 3 a 2 0  3.376 1 . 2 2 a - - - -  - -  

' 3 e O O -  _ _  . .~ 2 * 6 0 - _ -  - 5.97 2.76 - 2.83 - 3a04 3.440 _ .  1.423 
13-50 2-75 6 - 5 0  2.76 2.94 3e04 3,598.- l a  627'- - -  

-. 4.00 _ _  2a75 6 . 8 0  3.22 2.40 2e92 - 3,618 1,803 _ _  
3.22 2-50 3.04 3,722 1.908 

1 .676  
4 e 5 0  2.75 7-10 

_ _  - _.. 
3,546 - -  1 s.00 2.91 6a51 2.65 2.50 3-16 

- 1 _ _  0.25 M I N  32e20 
O m 5 0  36-20 
l a 0 0  36a80 1 1050 31.60 
2.00 ' 33.70 

I 2 * 5 0  25.40 
I 3.00 2 5 0 4 0  
' 4.00 24a20 
5.00 23.80 
6 - 0 0  21 .00  

8.00 20.30 
9.00 18a70 

15.80 

_ _  I-7.00- 21.00 

27.00 
2 8 . 4 0  
29 .50  
26.10 
23980 
24.70 
22070 
20.40 
1 9 - 9 0  
17.60 
1 5 m O O  
14-30 
12.30 
11.00 

26.70 
22.60 
17-30 
12a20 
13.80 
12-70 
15.90 
12s90 
lL.30 
12-40 
12.10 
11e80 
12.20 
12.20 

28.40 
3 6 m l O  
28.00 
24.00 
24.00 
2osoo  
20.30 
20.00  
19 .60  
18.80 
14.80 
14.40 
11-55 
10.25 

30.90 2 9 , 0 4 0  2,423 
29,540 4.870 30-40 

2 9 - 5 0  28.220 7,003 
25s80 23,940 7,152 
22.90 23,640 7-049 
20.BO 20,580 5 .  071 
18-20 20,500 3-720 
20,l.O 19.520 40 095 
20.10 18,940 4,601 
18.70 17,700 3.209 

16.220 18 a 20 
20m10 16.180 3-815  
17-30 '14,410 3,327 
15-00 i2,aso 2,446 

. -  

- 

3.437 _ .  . _  

... ._ - . .  - ~. ...... ...... _. . . - . . . .  ....... - ........ -. . __  . . .  -. . . . . . . . .  . . . . . . .  

i ' 
....... -_ - ........... - . .  - . . . . . . . . . . . . . .  ...... _- .-....____.._I __^_____I_._I .... 

. . . . . . . . . . . . . . . . . .  . ~. ........... _ _  ................. ..... 

. .  ...  . . . . . . . . . . . . . .  .--... . . .- - - - ~  .... 

- ___ _- ....... ._ ........... - . . . . . . . .  ... ........... ..... __ .. 



, 
-. ...... I .......... .... - -. - .... -. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . - . .- ..... -,_I___ . I_ .. __ ... - ........... ...... . 

I ". _ I  . - 

0 - 2 5  M I N  31.60 21-50 
0 - 5 0  34.50 20.80 
1.00 2 4  6 0  1 7 . 7 0  
1.50 19.20 17.00 
2-00 _ _  17.70 16-00 
2050  17.70 18-50 
3 - 0 0  16-20 16-75 
4-00 8 - 3 7  16.00 
5.00 9 .22  15-70 
4-00 14e50 15.50 
7-00 6-65 13.70 
8.00 6.90 13.50 
9.00 5.67 11.75 
10.00 4a68 10*20 

................... _ ...... - - ... 

. -.- . ._-- - -- . .- -._ I- ~I _I- - -- -. - - . 

.. 24*10 23*300 6 , 0 2 1  .- .__ 25-40 1 4 - 5 0  
1 9 - 0 0  13.90  2 5 - 3 0  2 2 . 7 0 0 -  - - -  7,758 
1 4 - 0 0  11-30 21.80 __ - 1 7 . 8 8 0  5 ,452  _ _  
12-70 1 1 - 5 5  20.60 1 6 . 2 1 0  3 0 9 6 5  
10140 1 1 - 5 5  2 0 . 0 0  ~ 1 5 -  130 -4.070 ~ _ _ _  
9-40 10-30 18-60 1 4 , 9 0 0  4.634 
11-90 9 s 5 0  16.40 1 4 , 1 5 0  3,268 
11.00 9-25 16s20 1 2 s  I 6 4  3.716 
10.10 8.40 13.75  1 1 . 4 3 4  3 , 1 4 0  

8 s 6 5  7-20 1 3 . 3 0  1I.830 * 3,685 
9 . 2 5  7 . 7 0  10.20 9 , 5 0 0  2,718 
9 - 9 0  6.35 10-60 9 , 4 5 0  2.917 
9 . 8 0  5-75 12.00 8 , 9 9 4  3.117 _ _ _  - 
9 0 8 0  6 . 2 2  10*20 8.220 2 , 5 9 2  

- - - - - - - __ - - ._ __ - - . - . 

.. - . .  __....I .. . . . . . .  . . .  . -  . . . . . . . . . . .  --.I_-...I__ 

... --- - ... - ............ . - .... .-. ~ ._ _ _ _  ... ___ ... 



~ I_II_ __ I - I _I- 

AVER A G  E s--F G R ARM -BLOODFL o w - -  I S OTONL- 8~ FOR E TRa I N  P k R o u  P = s 

..... .... ... ..... ..... ........... - ...__..-_I_.__-. _I I_..._. .. .............. 
,-~i 2, 2.07 

"__ - ._I_. - - 
0 50 -NIN 2.17 2 . 4 4  1.99 

_ _  e - 1.00 ....... 2.17 -. - 2*23__ 2 . 2 1  1.70 2.077 0.253 

2 . 3 6  1.97 2.41 2 . 2 2 7  0.200 
2650 2.26 1.74- - 2.21 2 .41  20 155 0.289 

. . __ - I_ __ - _ 
2.44 1-99 2.005- - 0.340-- - -  - 1.50 1.98 1.61 

- . - -. - - - _-. 
2 . 1 7  12.00 . _  - - - 

i4.00 2.26 1.74 1-97 2.12 2.022 0.222 
4 . 5 0  2 . 0 8  1.99 le97 2 . 2 6  2.075 0.132 

2 .26  2.23 1.97 2.12 2.145 0,131 
. -  

AFTER ARTERIAL OCCLUSION 
- . . . . . . . . . . . . . . . .  . .  . - . .............. 

0.25 M I N  2 2 . 5 0  24.00 
1-0.50 22-50 29.30 
1.00 20.60 31600 
1.50 19.60 29 . 30 

j2.00. 18.30 28.30 
2-50 16.30 25.30 
3.00 16.80 25.30 

14.00 1 4 . 0 0  21.30 
- .  ' 5.00 14080 20.80 
6.00 lL3.10 2 1 . 6 0  

i 7 . 0 0 _ _  - 10.60 19.10 
1 8 m O O  9.55 16.40 
9000 6-40 17.10 

)10.00 8.20 15.40 

20.70 
19.70 
1 8 . 8 0  
15.60 
15080 
13s90 

9 . 8 5  
11.10 * 

1 0 . 0 0  
6-02 
8.70 
3.80 
7.80 
6.05 

- .- _.._ - -  

20.20 21.850 1.741 
17.60 22.275 50 095 
17-40 22.090 6.125 
11.30 18.950 7.687 
10.20 18.150 7 . 5 6 7  
10.20 1 6 . 4 2 5  6.427 - 
10.50 - _  15.612 7.179 
12.45 14.712 4.549 
12.45 14,512 4.627 
9.95 13,167 5 .  999 
11.20 -_  12a400 4 , 5 9 2  
12.20 1 1 . 4 8 7 - - '  3.741 

9 - 5 0  10e7CO 4.324 
10.20 9.962 4,002 

........ .. __ ..................................... . - .... .......... __ ... 

.. __ I_ ....... -. .... __ ............ .... __ . . . . . . .  . .--_I_ - -_ .... 

--------_.I__.__--.. ............... ..... _. ......... __.____-_____ .... ~ .... 

.. ..... .... . . . . . . . . . . . . . . . . . . . . . . . . . .  ......... __-- ... ............. 



.... .I._____ ............. I ..................... ............. ..__I_.__I. ___I.. __ ___. page. ..??..- 2 l-.ll._. 

. ....... - .. ... -. . .  - .-. ... - - . . . . . . . . . . .  -. . . . . . . . . . .  .- __ .. . -..____._.I__._-_.-.. ..... 

_- - -, ̂I  __ . . - - _ "  .- . - - -I - - I - - . -_--- -- __ 
A v ER AGE s F c R ~ A R  M B L o o D F L OW -- I s o T tiN - - A F T E R T R A I N . - - G R o u P = s 

i I NDI V I D U A L  6 7 
...... _ . . . . . . . .  -_ ..... 

WEAN 
..... 

STD-DEV 

3.217 0.658 
4.20 2.43 4-85 2.60 2.30 3,045 1,210 

'1 4.00 _ 3.13 4.12 3.08. 2054 - - __  . - - 

2.43 3.63 2.84 2.66 . - - . _ 2-890 - __ - 0.521 - - 

._- - .. _. -. - . . . . . . . . . .  . .  . 
AFTER ARTERIAL OCCLUSION -- I 5-*00 - - 

6; 106 . _  22.400 .- __ 0.25-MXN 31.00 18.20 22.50 17.90 
0.50 30.10 20.70 19.40 19-40 22.400 5.170 
1-00 23.20 17.98 15-50 17.40 18,525 30 269 

1 1-50 21 80 12*40 16.10 16.90 16,800 30  867 

2050 15.50 12.10 14.40 i0.60 13.150 2,213 
- i  3.00 15.50 , 10.80 11.80 11-80 12.475 2,071 

14.00 11.60 8-70 9-70 9.45 9,862 1,234 
- 5.00 9 . 3 0  7.15 9 .12  9 a 6 5  _ _  - 8.805 1,125 

6.00 11e40 7.15 7-32 6.20 8.967 1.986 
7.00 9 . 5 0  6.18 6.50 8.95 7.782 1.686 

! 8.00 9.05 5-81 9-22 7-40 7.870 1-600 
__ 9.00 6.72 5-87 7.93 8.00 . . . .  7,130 - 1.025 

6.95 4-85 a.45 6.30 6.387 1,128 

- 1.2'00 . _ _ _  . 17.20 12.60 12.80 11010 ~ . 2.629 . .  13,425 

. - .  . - -. . _ _ _  - . - - -_ - 

... ............ a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..................... ..... . . . . . . . -_I  ....... 

_ . .  -. . . . . . . . . . . .  . . .  - ... . . . . . . . . . . . . . . . . . . . .  ... ........... ........... _ _ _  .... 

_.___1--- ... --. ............... . . . . . . . . . . . .  ................. ... . I--.- ~. - "~-  ..~-."-.. ........ -......I.... ........... 

....... ... . . . . . .  _"_._ _. _I_... ............ ....-. . . . . . .  ... - .. . .  .- .... _.I_ __ ..... .- 



I I _lll "_ 

AVERAGES - F O R  CALF ~3LOODFLOW--ISOTON--BE€%RE -TRAIN-m--GROUP=D 
- - ~. 

1 2 3 4 5. MEAN- S T D - D E V - -  
--- - -  - - -.- - -~ -____.___. ________-I__I__ _I_x_ _ _ _ _  - - - . - 

CONTROL PERIOD 
._.- - - -  - _ .  - - I - _ _  

_._ - __ - - __ __ - ____ - - 
4.65 4.20 2-53 3.68 3,598 OaS75--- -- 

-- _ _  - -  4-33 2.81 3.12 2845 - 3.60 3.262 __ 08731 

1- -_ 2 m 5 0 3.98 2.70 3.36 2-45 3.23 3 . 1 4 4  0.598 

l o 5 0  3 . 8 8  2.70 3.95 3e06 3041 3.400 0,534.- 
- __ 0..490 _ _  - 3 8 4 0 2  2.00 _ --. - 4a10 2r84 3.60 3.06 3041 __ 

.- _ _  3800  _ _  . __ 3.88 2.34 3.60 _ _  3-17 3.68 - -_ - 3.334 O m 6 1 3  
3.50 3.65 2.46 3.60 3.27 3.33 3.262--- - - _  0.478 

3.88 3828 3.83 3.27 3.41 3.534 0.299 
4.50 3.88 3.28 4-32 3.17 3.68 3.666 0,466 

4.33 2-46 4.32 3.48 3.68 3,654 Om768 

1-  4.00 
- 

AFTER ARTERIAL OCCLUSION 
- -  - -  - -  . . _  - - I  

_ _  . _  
1 5 m 0 0  

-- - - .  

0.25 M I N  20.50 9.50 O m 0 0  13.30 17.60 15.225 4,829 I O m 5 0  19b10 11000 0.00 16oOO 19.40 16,375 3.899 
. _ _  1000 19.80 8.55 0.00 11.40 12*20 12.987 4.804 

1-50 18.70 7.05 0.00 r o o e o  10.05 11.650 40971 1 -  2.00 16.80 7.40 0.00 10.30 10.60 _- 11.275 3.956 
2.50 1 4 . 2 0  . 7-05 0000 9.00 9 b 5 5  9 , 9 5 0  3.030 
3 a  00 15.20 7005 0 ~ 0 9  7.50 1.55 9 , 3 2 5  3.923 1 4.00 12.60 5.86 Om00 6e75 6e50 7.928 3.137 

- 5.00 10.70 5.02 0-00 6eCl 6.40. '1.032 2.513 
6-00 9 a 9 0  5.02 0.00 4.43 5.30 6 s  162  2.518 1 7.00 9.80 4.45 0.00 5*50 4-86 6.152 2.470 

j 8.00 6.95 4 - 9 2  O m 0 0  5 .  17 4.50 58385 1.079 
- _  9.00 5.70 2-80 0.00 4.65 3.70 40212 1.247 
~ 1 0 0 0 0  7.30 3.62 0.00 4.75 3.96 4.907 1.664 

.. .... .. ..... ,_ . .  .a . . . . . . . . . . .  .- . . . . . . . . . . .  . . .  .- .. ~--.  _ _ _ . _ _ _ _ I  ....... ._l_.l ..... -~ . .  

................... - -.  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  .._ . . . .  .- . . . . . . . . . .  

....... _. . _ .... _. _. .... - ..... - . . . .  _ . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  .- ......... .- -. . . .  

____I ............ ..... - ........ - .... - ....... -- ... _-  . .... __________,______I_____,_ __ .... - ... 

...................... ...................... . -~ ..... ___I_. ........ 

. ... ._ . . . . . . .  -. ...................... . ___ . ........ 

--.II .__.-_..__.__________.I. _I__._ ... -. _ _ _  ..._._.I ..... I.___.... -I____ ___.-.--__.___I_._ _- 

.............. .... ....... _I_.._ ............. _ . . . . . . . . . . . .  - .......... -. _ _  ..... _ _  . ..... ..... 



__ __ ... ...... ............ - ....... __ . .  .. .. . ._ __ _I .... ._.._________ __ ____Page, .. -5 6-  __ 

1.98 2.00 2.48 2.02 _ _  - 2*83 _ _ _  - 2.262 _ _  0.380 _ _  
2.08 2.30 2.81 2.62 2.73 2,508 003C8 

-. 3.00 . _ -_  -- - 1-68 - 2.50 2.94 2.62 3 2 1 __-_- - 2.590 _"I_ 0.580 
3 - 5 0  2.37 2.40 2 o L 5  2.52 3.21 2 , 5 3 0  0.453 

- 1- 4-00 -2.28 2.40 2.05 2.42 _ _  3.21 . 2 , 4 7 2  . 0,438- . 

4.50 2.08 2.40 1.94 2.42 3.40 2.448 0.571 
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Iri tepals cf area under a m  blood flow 
time plot after .?%rtedial  Occlusion (grouped averages) , 
before and after condi t ion ing .  

Steps in minutes after r e l e a s e  of a r t e r i a l  
occ lus ion  

"lean blood f low i n  m i i l i l i t e r s / 1 0 0  
milliliters arm 9 minute 

Area cuinulativc i r r  riilliliters/J.OO 
mi l l i l i t e r s  arm minute 

1,iuscle T ra in ing  an2 Ulood Flow 
i:. Xaneko, -?e ;$a l te rs ,  s L. D, Carlson 
F i n a l  Report KCE 05 -004-926 
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APPENDIX VI 

I n t e s r a l s  of area under blood flow time 
p l o t  after isometric exercise (grouped averages), 
before and a f t e r  condi t ion i rq .  

S teps  i n  .:tinUtes a f t e r  exe rc i se  

:&an blood flow i n  x i l l i l i t e rs /100  
~~t i l l i l i t e rs  arm 0 minute 

 ea cum1 ativc in xi 1 L i 1 i ters/lO 0 
milliliters a r m  0 minute 

:.:uscle Train in?  and 31006 ?low 
..L. Xaneko, I?. F. Xalters, s; I;, !Im Carlson 
F i n a l  ?,@port NGR 05-004-026 
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APPEJT)IX VI1 

Integrals of area under blood flow t i m e  p l o t  
after i s o t o n i c  e x e r c i s e  (grouped averages), before 
and after condi t ionin9,  

:‘;teps i n  minutes after e x e r c i s e  

i k a n  blood flow in r n i l l i Z i t e r s / l O O  
D z i L l i l i t e r s  a m  0 minute 

,?&rea cumulative i n  m i l l i l i t e r s / 1 0 0  
x i l l i l i t e rs  a r m  0 miniite 

; luscle T r a i n i n s  and Blood Flew 
LI. Xaneko, A. F. Xalters, & L. D, Carlson 
Final iieport I?G? 05-004-326 
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A P P E N D I X  VI I: I 

Takles  and graphs of venous cornpliance 
zeasurements ( individual and qrouped a v e r a p s  1 , 
before and a f t e r  a r t e r i a l  o ~ c f t f ~ i o n ,  before and 
af ter  condi t ion ing ,  0 to'lO m Hg. 

Units:: x i l l i l F t e r s / 1 0 0  milliliter 
a r m  o r  calf 0 ITP, I Ig-  

Graphs: Abscissa, time i n  minutes 
Ordinate ,  milliliters/LoO 
milliliter a r m  o r  calf 0 m Eg. 

. i u sc l e  Training and Blood Flortl 
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T a h L e s  and graphs of v ~ n o u s  compliance 
ineasurements ( ind iv idua1  and grouned averages) , 
before and a f t e r  isoinetric c:axcisc, before and 
after conditioning, 10 to 20 :iin Ir+ 

Units: :illiIiters/l.C)D milliliter 
arm or calE 0 ran €I?. 

Graphs: ~hsc i s sa ,  t i m e  i n  n i n u t e s  
Ordinate, n t i l l i l i t e r s / 1 0 0  
millili.t-,er arm 01: calf 0 m Hg. 
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APPENDIX XIII 

Tables  and graphs of venous compliance 
measurements ( i n d i v i d u a l  and Trouped averages) , 
before and a f t e r  i s o m e t r i c  e x e r c i s e ,  before and 
a f t e r  cond i t ion ing ,  2;) to 30 mx lig. 

Units :  ::ilXiI.iters/lOO milliliter 
a r m  or calf 0 rm. rigo 

Graphs: %scisnal t i n e  i n  niinutes 
Ordinate, m i l l i l i t e r s / 1 0 0  
milliliter alrm o r  calf e m iig- 

;:uscle Trz in ing  and Blood Flow 
-.:* Kaneko, I?. F. ,.7alters, & L. D, Carlson 
F'inal Report  :?Et 05-034-026 

Pages 179 to 135 
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Tables and graphs of venous compliance 
measurements ( ind iv idua l  and grouped averages) , 
be-rore and, after isotonic ~ I : C K C ~ S C ,  Scfore and 
a f t e r  condi t ionin?,  0 -to 1 0  :m. iiq. 

Units: :Zi l l i l i ters / l00 mi l l i l i t e r  
a r m  or calf rrW1 ng* 

Graphs :: Abscissa, .time i n  minutes 
Ordinate ,  n i l l i l i t e r s / l O O  
r : t i l l i l i tcr  a m  or calf mm Eiq- 

ZIuscle Trainin? and SLood Flow 
:I. Haneko, ?., F. r:!al.ters, c L. 3. Carlson 
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Tables ancl cjraphs 05 venous comnliance 
measurements (individual and grouped. avcrages) 
before and a f t e r  i s o t o n i c  exercise, before and 
after condi t ioning,  li' t o  20 r r i  Eg+ 

Graph";: Absc issap  t im i n  xiinutes 
Ordinate, xilliliters/100 
n i l l i l i t c r  arm or  calf 0 m Hg. 

fklscle ?:raining ail2 Slood Flow 
!;androp d, P. l l a l t e r s ,  c; 5 ,  B. C a r l s o n  

Final 2 q o r t  b K . 2  05-0114-026 
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Fables and gji-aphs of venous compliance 
measurexcnts (inc7,lvidual and grouped averages) , 
before 2-55 after isotonic e x e r c i s e  ,. before and 
a f t e r  condi t ion ing ,  20 t o  30 ~n T!g. 

Graphs: Abscissa, time i n  minutes 
Ordinate, m i l l i l i t e r s / 1 0 0  
milliliter arm or calf 0 m 49. 

: ;usclc Training and Blood Flow 
.'i. Kaiieko, I?. I', Yalters, 6; L. D. Carlson 
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Tables and graphs o f  venous compliance 
ineasurements (individual and grouped averages), 
before and after arterial occlusion, before and 
after conditionin?, 0 to 30 Mg. 

Units: ; i i L l i l i t e r s / I - O O  milliliter 
arm 0 ~ E I  Sg. 

Graphs: Abscissa, time in minutes 
Ordinate, milliliters/100 
milliliter arm Q m Ego 

Iiuscle Training an2 slood Flow 
2- Kaneko, ?.,, P. ??alters, & L, D. Garlson 
F i n a l  Report NGF. 95-004-026 
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~ a b l e s  and g r a p h s  of venous cop.pliance 
i.teasurencnts {individual.  and groq3eG averages) 
before and a f t e r  isometric exercise, before and 
af te r  condi t ion in? ,  0 t o  3;) xi; :rgo 

Units: X i  1 l i 1 it e r s / 10 0 m i  11 i 1 iter 
arrn o r  calf mi Ifg. 
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i3rCinatc, mi 11 i 1 i ters/lO 0 
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